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After the decays of the top quarks, the final state contains several jets resulting from the hadronization of light quarks and b quarks (b jets), and may contain isolated leptons and missing transverse momentum depending on the decays of the $\documentclass[12pt]{minimal}
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The previous search is inclusive, exploring the final state with two same-sign leptons and at least two jets, using an integrated luminosity of 35.9$\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {t}\overline{\mathrm {t}} \mathrm {t}\overline{\mathrm {t}} $$\end{document}$ production, by using an improved b jet identification algorithm, and by employing background estimation techniques that are adapted to take into account the higher jet and b jet multiplicity requirements in the signal regions.

Background and signal simulation {#Sec2}
================================
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The CMS detector and event reconstruction {#Sec3}
=========================================

The central feature of the CMS detector is a superconducting solenoid of 6$\documentclass[12pt]{minimal}
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Events of interest are selected using a two-tiered trigger system \[[@CR35]\]. The first level (L1), composed of custom hardware processors, uses information from the calorimeters and muon detectors to select events at a rate of around 100$\documentclass[12pt]{minimal}
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Events are processed using the particle-flow (PF) algorithm \[[@CR36]\], which reconstructs and identifies each individual particle with an optimized combination of information from the various elements of the CMS detector. The energy of photons is directly obtained from the ECAL measurement. The energy of electrons is determined from a combination of the electron momentum at the primary interaction vertex as determined by the tracker, the energy of the corresponding ECAL cluster, and the energy sum of all bremsstrahlung photons spatially compatible with the electron track \[[@CR37]\]. The momentum of muons is obtained from the curvature of the corresponding track, combining information from the silicon tracker and the muon system \[[@CR38]\]. The energy of charged hadrons is determined from a combination of their momentum measured in the tracker and the matching ECAL and HCAL energy deposits, corrected for the response function of the calorimeters to hadronic showers. The energy of neutral hadrons is obtained from the corresponding corrected ECAL and HCAL energies.

Hadronic jets are clustered from neutral PF candidates and charged PF candidates associated with the primary vertex, using the anti-$\documentclass[12pt]{minimal}
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Event selection and search strategy {#Sec4}
===================================

The definitions of objects and the baseline event selection follow closely those of Refs. \[[@CR23], [@CR45]\]. Electron identification is based on a multivariate discriminant using shower shape and track quality variables, while for muons it is based on the quality of the geometrical matching between the tracker and muon system measurements. Isolation and impact parameter requirements are applied to both lepton flavors, as well as specific selections designed to improve the accuracy of the charge reconstruction. The combined reconstruction and identification efficiency is in the range of 45--70% (70--90%) for electrons (muons), increasing as a function of $\documentclass[12pt]{minimal}
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Signal events are selected using triggers that require two leptons with $\documentclass[12pt]{minimal}
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Backgrounds {#Sec5}
===========
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The nonprompt lepton and charge-misidentified lepton backgrounds are estimated following the methods described in Ref. \[[@CR23]\]. For nonprompt leptons, an estimate referred to as the "tight-to-loose" method defines two control regions by modifying the lepton identification (including isolation) and event kinematic requirements, respectively. An "application region" is defined for every SR by requiring at least one lepton to fail the standard identification ("tight") while satisfying a more relaxed one ("loose"). To obtain the nonprompt lepton background estimate in the corresponding SR, the event yield in each application region is weighted by a factor of $\documentclass[12pt]{minimal}
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For charge-misidentified leptons, an OS dilepton control region is defined for each same-sign dilepton signal region. Its yield is then weighted by the charge misidentification probability estimated in simulation, which ranges between $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec6}
========================

The sources of experimental and theoretical uncertainty for the data and simulations are summarized in Table [3](#Tab3){ref-type="table"}. The uncertainty in the integrated luminosity is 2.5% \[[@CR46]\]. The simulation is reweighted to match the distribution in the number of pileup collisions per event in data. The uncertainty in the inelastic cross section propagated to the final yields provides an uncertainty of at most 6%.

Trigger efficiencies are measured with an uncertainty of 2% in an independent data sample selected using single-lepton triggers. Lepton-efficiency scale factors, used to account for differences in the reconstruction and identification efficiencies between data and simulation, are measured using a "tag-and-probe" method in data enriched in $\documentclass[12pt]{minimal}
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The uncertainty in the calibration of the jet energy scale depends on the $\documentclass[12pt]{minimal}
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                \begin{document}$$\eta $$\end{document}$ of the jet and results in a 1--15% variation in the event yield in a given SR. The uncertainty due to the jet energy resolution is estimated by broadening the resolution in simulation \[[@CR42]\], and the resulting effect is a change of 1--5% in the SR yields. The b tagging efficiency in simulation is corrected using scale factors determined from efficiencies measured in data and simulation \[[@CR47]\]. The uncertainty in the measured scale factors results in an overall effect between 1 and 15%, again depending on the SR.

As mentioned in Sect. [2](#Sec2){ref-type="sec"}, $\documentclass[12pt]{minimal}
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Uncertainties in the renormalization and factorization scales (varied by a factor of two) and from the choice of PDF \[[@CR48], [@CR49]\] affect the number of events expected (normalization) in the simulated background processes, as well as the acceptance for the $\documentclass[12pt]{minimal}
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For nonprompt and charge-misidentified lepton backgrounds, the statistical uncertainty from the application region depends on the SR considered. The background from misidentified charge is assigned a systematic uncertainty of 20%, based on comparisons of the expected number of same-sign events estimated from an OS control sample and the observed same-sign yield in a control sample enriched in $\documentclass[12pt]{minimal}
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In addition to the statistical uncertainty, the nonprompt lepton background is assigned an overall normalization uncertainty of 30% to cover variations observed in closure tests performed with simulated multijet and $\documentclass[12pt]{minimal}
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Experimental uncertainties are treated as correlated among signal regions for all signal and background processes. Systematic uncertainties in data-driven estimates and theoretical uncertainties are treated as uncorrelated between processes, but correlated among signal regions. Statistical uncertainties from the limited number of simulated events or in the number of events in data control regions are considered uncorrelated.Table 3Summary of the sources of uncertainty and their effect on signal and background yields. The first group lists experimental and theoretical uncertainties in simulated signal and background processes. The second group lists normalization uncertainties in the estimated backgroundsSourceUncertainty (%)Integrated luminosity2.5Pileup0--6Trigger efficiency2Lepton selection4--10Jet energy scale1--15Jet energy resolution1--5$\documentclass[12pt]{minimal}
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Results and interpretation {#Sec7}
==========================

The properties of events in the signal regions (SR 1--8 as defined in Table [2](#Tab2){ref-type="table"}) are shown in Fig. [2](#Fig2){ref-type="fig"}, where distributions of the main kinematic variables in the data ($\documentclass[12pt]{minimal}
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Summary {#Sec8}
=======

The results of a search for standard model (SM) production of $\documentclass[12pt]{minimal}
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